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Description

[0001] The presentinvention relates to a method for determining phonemes in a spoken utterance - and in particular
phonemes which are suitable or relevant for emotion recognition - said method in particular being suitable for recog-
nizing emotions as well as to a method for recognizing emotions from a spoken utterance, said methods in particular
involving voice quality features. In particular, the present invention relates to a method for recognizing emotions from
spoken utterances involving the evaluation of voice quality features, in particular on the mentioned suitable phonemes.
[0002] In the field of man-machine interface techniques, for instance for electronic or home appliances, methods for
detecting emotions from spoken utterances become more and more important. One basic approach in methods for
deriving emotions for spoken utterances is to evaluate properties of phonemes contained in said spoken utterances.
Therefore, determining the phonemes and their positions within a given spoken utterance is a crucial point, as in
particular the boundaries of detected phonemes and in particular of detected vowels strongly influences the result of
the emotion detection.

[0003] Itis an object of the present invention to provide a method for determining phonemes and in particular certain
or relevant phonemes in a spoken utterance in particular without additional linguistic knowledge and to provide a method
for recognizing emotions from spoken utterances, being capable of determining more accurately phonemes and in
particular certain or relevant phonemes and their positions within a given utterance and to thereby calculate quality
features more accurate and/or to increase the recognition rate in a process of recognizing emotions.

[0004] The object is achieved according to the invention with a method for determining phonemes and in particular
certain or relevant phonemes in spoken utterances with the characterizing features of claim 1. Additionally, the object
is achieved according to the invention by a method for recognizing emotions from spoken utterances with the charac-
terizing features of claim 9. Further on, the object is achieved by a system for determining phonemes in a spoken
utterance in particular suitable for recognizing emotions and/or for recognizing emotions from spoken utterance ac-
cording to claim 15, by a computer program product according to claim 16, and by a computer readable storage medium
according to claim 17, respectively.

[0005] First of all the method for determining phonemes in a spoken utterance - and in particular phonemes which
are suitable or relevant for emotion recognition - in particular for emotion recognition according to the present invention
comprises a process of receiving at least one spoken utterance. Further, a process of determining at least one voiced
region within each of said at least one spoken utterances is provided. Further on, the process of determining average
normalized formant differences between a first given formant and a second given formant for each of said at least one
voiced regions is performed. Thereby, a process of deriving phoneme indicating data is carried out for each of said at
least one voiced regions. Finally, a process of assigning phonemes and in particular certain or relevant phonemes to
at least a part of said voiced regions based on said phoneme indicating data is carried out.

[0006] Itistherefore akey idea of the presentinvention to determine average normalized formant differences between
a first given formant and a second given formant for voiced regions contained in a received spoken utterance. Based
on the determined average normalized formant differences between the given formants phoneme indicating data are
derived. Based on said phoneme indicating data distinct phonemes are assigned to said voiced regions. This is not
strictly accurate, but avoids the necessity of linguistic information, it is language independent.

[0007] It is preferred to use the first formant as said first given formant. Additionally or alternatively, the second
formant is used as said second given formant.

[0008] Itis of particular advantage to involve in the process of determining average normalized formant differences
A a calculation according to then relation

A =mean EE
f1 ’

wherein A indicates the average normalized formant difference and f1 and f2 indicate the involved first and second
given formants, respectively.

[0009] According to a further advantageous and preferred embodiment of the inventive method in the process of
assigning phonemes a phoneme or vowel of /a/ is assigned to a given voiced region, if within said given voiced region
the first and second given formants are comparable close to each other and is said first given formant is comparable
high.

[0010] Itis of further advantage to assign a phoneme or vowel of /a/ to a given voiced region VR of an utterance U
if for said given voiced region VR the respective average normalized formant difference A differs from the minimum of
all average formant differences Aj for all voiced regions VRj of the utterance U by at most a given first threshold value



10

15

20

25

30

35

40

45

50

55

EP 1 391 876 A1

D1, i.e. if the relation
. N <A < i .
TR (A) <A< min (&) + DI

is fulfilled, wherein min indicates the minimum function taken for all voiced regions VRj of the utterance U.

[0011] Alternatively or additionally, it is of further advantage, if in the process of assigning phonemes a phoneme or
vowel of /i/ is assigned to a given voiced region, if within said given voiced region said first and second given formants
are comparable distant or if the distance between them is comparable large and if the first formant is comparable low.
[0012] Additionally or alternatively, it is of advantage if in the process of assigning phonemes a phoneme or vowel
of /i is assigned to a given voiced region, if for said given voiced region VR the respective average normalized formant
difference A differs from the maximum of all average formant differences Aj of all voiced regions VRj of the utterance
U by at most a given second threshold value D2, i.e. if the relation

N <A< .
gjg(AJ) D2_A_ggjg§(AJ)

is fulfilled, wherein max indicates the maximum function taken for all voiced regions VRj of the utterance U.

[0013] It is further preferred according to an alternative embodiment of the inventive method to divide said at least
one spoken utterance to frames.

[0014] Therefore, the inventive method is further improved, if a process of determining voiced frames is carried out
for said frame of said received utterance.

[0015] According to another preferred embodiment of the present invention it is provided that in said process of
determining said voiced frames frames are processed, evaluated and/or selected within said at least one spoken ut-
terance with respect to comparable high amplitude values, with respect to relative low zero-crossing rates and/or with
respect to high energy values.

[0016] Itis preferred that the region of said at least one utterance is classified as being a voiced region, if it contains
a number n of voiced frames which is larger than a given threshold number nO, in particular larger than three.
[0017] Accordingto another aspect of the presentinvention a method for recognizing emotion from spoken utterances
is provided, wherein properties of phonemes contained in said utterances are evaluated and/or in particular quality
features are evaluated and/or used as input features for at least one classifier. The inventive method for recognizing
emotions from spoken utterances is characterized in that phonemes and in particular certain or relevant phonemes
are determined by the inventive method for determining phonemes in spoken utterances.

[0018] It is of advantage for the inventive method for recognizing emotions for spoken utterances to involve voice
quality features and in particular selected voice quality features, and in particular to evaluate them on vowels and/or
in particular to evaluate on vowels and/or in particular to use as feature vectors for training at least one classifier.
[0019] According to a further preferred embodiment of the inventive method for recognizing emotions from spoken
utterances itis provided to evaluate voice quality features which involve afiltering process or an inverse filtering process
on a phoneme of /a/ or on phonemes which are close to /a/ and/or which require a precise description of the signal
constitution of harmonic and noise component with respect to a phoneme of /a/ or with respect to phonemes which
are close to /a/, in particular most similar to an /a/ in terms of a formant structure.

[0020] Alternatively or additionally, it is provided to evaluate voice quality features which do not involve a filtering
process on a phoneme of /i/ or on phonemes which are close to /i/ and/or which are easier to detect in unrounded
vowels - those related to formant characteristics - with respect to a phoneme of /i/ or with respect to phonemes which
are close to /i/, in particular most similar to an /i/ in terms of a formant structure.

[0021] According to a further advantageous embodiment of the inventive method for recognizing emotions from
spoken utterances itis suggested - in particular in the case where a determination or calculation of voice quality features
includes a concept of mean statistics - to derive and/or to select for a given type of voice quality feature q - in particular
for a feature q defining for each voiced region the mean of the same feature of the voiced region - a first feature value
vq1 which is representative for a given voiced region VR]j having frames Fk by averaging for said voice quality feature
q for all frames Fk the respective voice quality values gk within said voiced region VRj, i.e. by determining the value
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nk
vgl : = mean(qgk) = qu /nk,

FkCVRj =1

with gk being the feature value of the feature q in the k-th frame Fk of the voiced region VR]j having nk frames.
[0022] According to a further preferred embodiment of the inventive method for recognizing emotions from spoken
utterances it is suggested - in particular in the case where a determination or calculation of voice quality features
includes a concept of mean statistics - to derive and/or to select for a given type of voice quality feature q - in particular
for a feature q defining for each voiced region the mean of the same feature of the voiced region - a second feature
value vq2 being representative for a given voiced region VRj having frames Fk by selecting as said second feature
value vg2 the one single feature value gx which stems from a frame Fx within the voiced region VRj and which is closest
to said first feature value vq1, i.e. for which the relation

Vg2 =qx & |gx—vgl|= Frkréi‘gj{lqk —vqll}

is fulfilled, wherein vg2 denotes the second feature value, gx denotes the single feature value for the feature q, gk
denote single feature values of k-th frame Fk.

[0023] Itis a further aspect of the present invention to provide a system, device or apparatus for determining pho-
nemes in a spoken utterance and in particular suitable for recognizing emotions from spoken utterances and/or for
recognizing emotions from spoken utterances and which is in each case adapted to perform or to realize the inventive
method for determining phonemes in a spoken utterance, a method for recognizing emotions in spoken utterances
and/or the steps thereof.

[0024] As to afurther aspect of the presentinvention is to provide a computer program product, comprising computer
program means adapted to perform and/or to realize the inventive method for determining phonemes in a spoken
utterance and in particular suitable for recognizing emotions from spoken utterances and/or for recognizing emotions
in spoken utterances and/or the steps thereof, when it is executed on a computer, a digital signal processing means,
and/or the like.

[0025] A further aspect of the present invention is to provide a computer readable storage medium, comprising the
inventive computer program product.

[0026] These further aspects will be more elucidated taking reference to the following remarks:

[0027] The use of quality features for emotion recognition is improved. Therefore, automatic detection of vowels
through the first and second formant position and the relation between them is further developed. Consequently, the
automatic calculation of quality features in the appropriate vowels - in particular without any linguistic knowledge - is
also improved.

[0028] The state and/or calculation of the art in emotion expression through speech claims the importance of voice
quality features for analysis, classification and synthesis of emotional speech.

[0029] Many speech quality parameters, e.g. harmonic to noise ratio and spectral energy distribution, are more ac-
curately calculated on sustained vowel (segments without formant movements), i.e. phonemes /a/. The reason is that
in irregular phonation (e.g. creaky) and in all segments with steep FO changes, the FFT is not precise enough to
describe the signal constitution of harmonic and noise components, due to limited time/frequency resolution. Similar
arguments show the convenience of this vowel for the calculation of quality parameters from the glottal excitation,
which involve some inverse filtering, e.g. spectral tilt.

[0030] However, there are other quality effects, very much related with emotion expression, that are easier to detect
in unrounded vowels, especially on the phoneme /i/, such as lip spreading (due, for example, to smiling) or vocal tract
lengthening.

[0031] The variety of human emotion and affects can be represented in a two dimensional space. On dimension
refers to activation or arousal and the other one to evaluation or pleasure.

[0032] Until now most of the classifiers make use of prosody features, which are easier to handle but give only
information about the activation or arousal dimension of emotions. For some emotions such anger and joy the activation
factor is not enough to differentiate them. It seems to be necessary to take into account the second dimension of the
emotional space, that is the pleasure or evaluation dimension. Such dimension is very much influenced of quality
features of speech, i.e. auditory features that arise from variation in the source signal and vocal tract properties, which



10

15

20

25

30

35

40

45

50

55

EP 1 391 876 A1

are very speaker dependent.

[0033] The accurate and meaningful calculation of the quality features depends very much on the selection of the
appropriate vowel, and therefore, on the automatic calculation of the position of this vowel in an utterance.
Assuming the target of a language independent emotion classifier, automatic language independent way of vowel
identification and feature extraction is needed.

[0034] Some quality features are vowel dependent, which makes it necessary to calculate them in similar regions
across the utterances, so that their differences are more influenced by changes in the speaker's emotional state than
by the nature of the vowel. Assuming the target of a language independent emotion classifier, an automatic vowel
identification and feature extraction is designed as follows.

[0035] Voiced frames of speech are selected by means of high amplitude values, a relative low zero-crossing rate
and large energy values. Regions containing more than three voiced frames are assumed to be voiced and therefore
candidates to vowels.

[0036] Quality features which involve some inverse filtering, e.g. spectral tilt, and those which require a precise
description of the signal constitution of harmonic and noise components, e.g. harmonic to noise ratio and spectral
energy distribution, are calculated on the phoneme /a/, or close to /a/.

[0037] Quality effects that are easier to detect in unrounded vowels, such as lip spreading (due, for example, to
smiling) or vocal tract lengthening, are calculated on the phoneme /i/, or close to /i/. These effects are mainly related
to formant characteristics.

[0038] The difference in the position of the first and second formant (f1 and f2), normalized by the first formant
position, is used as a value for detecting /a/ and /il phonemes. Very generally, phoneme /a/ has the first and second
formant very close, and the first formant position very high; and phoneme /i/ exactly opposite, i.e. the distance between
first and second formant is larger than for other vowels, and the first formant position is very low.

[0039] Assumed a selected voiced region from one utterance, the mean of the values f2-f1/f1, means(f2-f1/f1), is
calculated for all the frames in the voiced region. For each utterance, the maximum and minimum of the values mean
(f2-f1/f1), max/min/mean(f2-f1/f1), is computed and the corresponding voiced region is labelled as an /a/ or /i/ respec-
tively. The quality features will be calculated in either of the two, following the previous criteria. These values are also
used as features themselves.

[0040] For all calculation including the Mean statistics, this is defined as

2

meanl(f) = 2&—,
nk

wherein nk is the number of frames Fk inside a voiced region VR of the utterance U and gk is the quality feature value
of the quality feature q in the frame Fk.

[0041] This value mean1 is computed within the voiced region. Then, single values gk for every frame Fk in the
voiced region VRj are checked. The one, which is closest to the computed mean 1, is considered as a mean2 or the
mean of this voiced region VR;j.

[0042] The goal of such modified computation is to select a value coming from the most representative part inside
the voiced region, since the normal mean is negatively influenced by voiced region boundaries, which are maybe not
any more part of the vowel. It was experimentally checked that the chosen frames match always the core of the vowel.
[0043] In the following the invention will be exemplified by taking reference to the accompanying figure.

Fig.1 is a schematic flow chart of an embodiment of the inventive method for determining phonemes in a spoken
utterance - and in particular certain or relevant phonemes suitable for the calculation of quality features for
emotion recognition - according to the present invention.

[0044] The schematic block diagram of Fig. 1 shows a possible flow chart for an embodiment of the present invention,
i.e. a method for determining phonemes in a spoken utterance and in particular certain or relevant phonemes suitable
for the calculation of quality features for emotion recognition.

[0045] In a preliminary step SO of the example shown in Fig. 1 the inventive method for determining phonemes - and
in particular certain or relevant phonemes suitable for the calculation of quality features for emotion recognition - within
a received spoken utterance is initialized and started. In a first step S1 a spoken utterance U is received and pre-
processed. The received utterance U is divided into a sequence of frames Fk covering a received utterance U in step
S2. In the following step S3 voiced frames VFk are determined within the sequence of frames Fj contained in the
utterance U. In the following step S4 so-called voiced regions VRj are defined as regions of the utterance U which
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have a number n of voiced frames VFk which is larger than a given threshold number n0O. In the following step S5
averaged normalized formant differences A are calculated for each of said voiced regions VR|. Based on the derived
averaged normalized formant differences A of step S5 phoneme indicating data PIDj are derived in step S6 which are
used to assign certain phonemes to the distinct voiced regions VRj in step S7. Then this procedure is ended and closed.
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Method for determining specific phonemes in spoken utterances, comprising:

- aprocess of receiving (S1) at least one spoken utterance (U),

- aprocess of determining (S2, S3, S4) at least one voiced region (VR]) within each of said at least one spoken
utterances (U),

- aprocess for determining (S5, S6) average normalized formant differences (A) between a first given formant
(f1) and a second given formant (f2) for each of said at least one voiced regions (VRj),

- thereby carrying out a process of deriving (S6) phoneme indicating data (PIDj) for each of said at least one
voiced regions (VRj), and

- a process of assigning (S7) phonemes (P) at least to a part of said at least one voiced regions (VRj) based
on said phoneme indicating data (PIDj).

Method according to claim 1,
wherein the first formant is used as said first given formant (f1).

Method according to anyone of the preceding claims,
wherein the second formant is used as said second given formant (f2).

Method according to anyone of the preceding claims,
wherein in the process of determining (S5, S6) average normalized formant differences (A) a calculation according

to
A = mean f_l_ﬁ.
f1

is involved with A indicating the average normalized formant difference and f1 and f2 indicating said first and second
given formants, respectively.

Method according to claim 4,

wherein in the process of assigning (S7) phonemes (P) a phoneme or vowel of /a/is assigned to a given voiced
region (VR)) if within said given voiced region (VR)j) the first and second given formants (f1, f2) are comparable
closed to each other and if said first given formant (f1) is comparable high.

Method according to anyone of the claims 4 or 5,

wherein in the process of assigning (S7) phonemes (P) a vowel of /a/ is assigned to a given voiced region (VR),
if for said given voiced region (VR) the respective average normalized formant difference (A) differs from the min-
imum (min(Aj)) of all average normalized formant differences (Aj) for all voiced regions (VR]) by at most a given
first threshold value (D1), i.e. if the relation

min (Aj)) AL ‘g}%:llll(A])+ D1

VRjcU

is fulfilled, wherein A denotes the average normalized formant difference for the given voiced region VR, Aj denote
the average normalized formant differences for the voiced regions VRj, D1 denotes said first threshold value, and
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min indicates the minimum function taken for all voiced regions VR;j.

Method according to anyone of the claims 4 to 6,

wherein in the process of assigning (S7) phonemes (P) a phoneme or a vowel of /i/ is assigned to a given voiced
region (VR)) if within said given voiced region (VRj) the distance between said first given formant (f1) and said
second given formant (f2) is comparable large and a first given formant (f1) is comparable low.

Method according to anyone of the claims 4 to 7,

wherein in the process of assigning (S7) phonemes (P) a phoneme or a vowel of /i/ is assigned to a given voiced
region (VR) if for said given voiced region (VR) the respective normalized average formant difference (A) differs
from the maximum (max(4j)) of all average normalized formant differences (Aj) for all voiced regions (VRj) by at
most a given second threshold value (D2), i.e. if the relation

ST <A < .
ggjg;g(AJ) D2<A< glﬁg(Aj)

is fulfilled, wherein A denotes the average normalized formant difference for the given voiced region VR, Aj denote
the average normalized formant differences for the voiced regions VRj, D2 denotes said first threshold value, and
max indicates the maximum function taken for all voiced regions VR;.

Method for recognizing emotions from spoken utterances,

- wherein properties of phonemes contained in utterances (U) and/or in particular quality features are evaluated
and/or used as input features for at least one classifier and

- wherein phonemes and in particular certain or relevant phonemes are determined by a method according to
anyone of the claims 1 to 12.

Method according to claim 9, wherein voice quality features (q) are involved and/or in particular are evaluated on
vowels and/or in particular are used as feature vectors for training at least one classifier.

Method according to claim 10,
wherein voice quality features (q) involving a filtering process are evaluated on the phonemes of /a/ or on pho-
nemes, which are close to /a/, in particular most similar to an /a/ in terms of a formant structure.

Method according to anyone of the claims 10 or 11,
wherein voice quality features (g) not involving a filtering process are evaluated on the phonemes of /i/ or on
phonemes which are close to /i/, in particular most similar to an /i/ in terms of a formant structure.

Method according to anyone of the claims 9 to 12,

wherein - in particular in the case where a determination or calculation of voice quality features includes a concept
of mean statistics - for a given type of voice quality feature (q) a first feature value (vq1) is derived being repre-
sentative for a given voiced region (VRj) of an utterance (U) of frames (Fk) by averaging said voice quality features
(q) for all frames (Fk) within said voiced region (VRj), i.e. by determining the value

rk
vql : = mean(qk) = qu Ink,

FkcVRj =1

with gk being the feature value of the feature q in the k-th frame Fk of the voiced region VRj having nk frames.

Method according to claim 13,

wherein - in particular in the case where a determination or calculation of voice quality features includes a concept
of mean statistics - for a given type of voice quality features (q) a second value (vg2) is derived being representative
for a given voiced region (VR) of frames (Fk) by selecting as said second feature value (vq2) the one single feature
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value (gx) which stems from a certain frame (Fx) within the voiced region (VRj) and which is closest to the first
feature value (vq1), i.e. for which the relation

Vg2 =qgx < Iqx - vqll = plklli‘}}ej{lqk - vqll}

is fulfilled, wherein vg2 denotes the second feature value, qx denotes the single feature value for the feature q, gk
denote single feature values of k-th frame Fk.

System for recognizing emotions from spoken utterances,

which is capable of performing or realizing the method for determining phonemes and in particular certain or rel-
evant phonemes in a spoken utterance according to anyone of the claims 1 to 8 and in particular suitable for
recognizing emotions from spoken utterances or a method for recognizing emotions from spoken utterances ac-
cording to anyone of the claims 13 to 18 and/or the steps thereof.

Computer program product,

comprising computer program means adapted to perform and/or to realize the method for determining phonemes
and in particular certain or relevant phonemes in a spoken utterance according to anyone of the claims 1 to 8 and
in particular suitable for recognizing emotions from spoken utterances, the method for recognizing emotions from
spoken utterances according to anyone of the claims 9 to 14 and/or the steps thereof, when it is executed on a
computer, a digital signal processing means, and/or the like.

Computer readable storage medium,
comprising a computer program product according to claim 16.
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